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Biological fluid (1-3 ml) or 
hydrolyzed lipid extract (50-1000 mg); 
acidify to pH 3; add deuterated standard (pHJ 8-iso-PGFjJ 


m 




C JS and silica Sep-Pak extraction 

; 

Formation of PFB esters 
t 

TLC of Fj-IsoPs as PFB esters 


Formation of trimcthylsilyl ether derivatives 


i 

Quantification by selected Ion monitoring GC/NICI MS 

Fig. 1. Outline of the procedures used for the extraction, purification, derivatization, and 
mass spectrometric analysis of FrlsoPs from biological sources. 


(Waters Associates, Milford, MA) preconditioned with 5 ml methanol and 
5 ml of water (pH 3). The sample and subsequent solvents are eluted 
through the Sep-Pak using a 10 ml plastic syringe. The column is then 
washed sequentially with 10 ml of water (pH 3) and 10 ml heptane. The 
F 2 -IsoPs axe eluted with 10 ml ethyl acetate/heptane (50:50, v/v). 

The ethyl acetate/heptane eluate from the C 18 Sep-Pak is then dried 
over anhydrous Na 2 S0 4 and applied to a silica Sep-Pak (Waters Associates). 
The cartridge is then washed with 5 ml of ethyl acetate followed by elution 
of the F 2 -IsoPs with 5 ml of ethyl acetate/methanol (50:50, v/v). The ethyl 
acetate/methanol eluate is evaporated under a stream of nitrogen. 

The F 2 -IsoPs are then converted to pentafluorobenzyl (PFB) esters by 
treatment with a mixture of 40 ,«1 of 10% pentafluorobenzyl bromide in 
acetonitrile and 20 jxl of 10% AT.N-diisopropylethylamine in acetonitrile at 
room temperature for 30 minutes. The reagents are then dried under nitro¬ 
gen and this procedure is repeated to ensure quantitative esterification. 
After the second esterification, the reagents are dried under nitrogen and 
the residue subjected to TLC using the solvent chloroform/ethanol (93:7, 
v/v). Approximately 2-5 /xg of the methyl ester of PGF 2a is chromato¬ 
graphed on a separate lane and visualized by spraying with a 10% solution 
of phosphomolybdic acid in ethanol followed by heating. The methyl ester 
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of PGF 2 * is chromatographed rather than the PFB ester because any con¬ 
tamination of the sample being quantified with the methyl ester of PGF 2a 
will not interfere with the analysis owing to the fact that the F 2 -IsoPs are 
analzyed as PFB esters. Compounds migrating in the region of the methyl 
ester of PGF 2!( (Rf 0.15) and the adjacent areas 1 cm above and below are 
scraped and extracted from the silica gel with ethyl acetate. 

The ethyl acetate is dried under nitrogen and the Fj-IsoPs are then 
converted to trimetbylsilyl ether derivatives by adding 20 /xl lV,(?-bis(tri- 
methylsilyl)trifluoroacetamide (BSTFA) and 10 /xl dimethylformamide and 
incubating at 40°C for 20 minutes. The reagents are dried under nitrogen 
and the F z -IsoPs are redissolved in 10 /xl of undecane, which has been 
dried over calcium hydride, for analysis by GC/MS. 

For analysis of F 2 -IsoPs, we routinely use a Nermag R10-10C or Hewlett- 
Packard 5982A mass spectrometer interfaced with an IBM Pentium com¬ 
puter system. The F 2 -IsoPs are chromatographed on a 15 m DB1701 fused 
silica capillary column (J and W Scientific, Folsom, CA). We have found 
this GC phase gives superior separation and resolution of the individual F 2 - 
IsoPs compared to other columns. The column temperature is programmed 
from 190 to 300°C at 20°C/minute. Methane is used as the carrier gas for 
negative ion chemical ionization at a flow rate of 1 ml/minute. Ion source 
temperature is 250°C, electron energy is 70 eV, and the filament current 
is 0.25 mA. The ion monitored for endogenous F 2 -IsoPs is the carboxylate 
anion mlz 569 (M — 181, loss of •CHaCgFs). The corresponding M - 181 
ion for the [ 2 H 4 ] 8 -iso-PGF 2a internal standard is mlz 573. 






Application of the Assay for Analysis of F 2 -Isoprostanes in Biological 
Tissues and Fluids 

As stated, we have successfully employed this assay to quantify F 2 -IsoPs 
"X. in a number of diverse biological fluids and tissues. Shown in Fig. 2 is a 
selected ion current chromatogram obtained from the analysis of F 2 -IsoPs 
in plasma of a rat following treatment with CCI 4 to induce endogenous 
' lipid peroxidation. The series of peaks in the upper mlz 569 selected ion 

current chromatogram represents different endogenous F 2 -IsoPs. TMs pat¬ 
ten of peaks is virtually identical to that obtained from all other biological 
z. j fluids and tissues that we have examined to date. In the lower mlz 573 
chromatogram, the single peak represents the jT-Lj 8 -iso-PGF 2 „ internal 
standard that was added to the plasma sample. For quantification purposes, 
the peak denoted by an asterisk (*), which coelutes with the 8 -iso-PGF 2 „ 
internal standard, is routinely measured. Using the ratio of the intensity of 
this peak to that of the internal standard, the concentration of F 2 -IsoFs 
was calculated to 831 pg/ml, approximately 28-fold above normal. Normal 
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Pig. 2. Analysis of F 2 -lsoPs in plasma obtained from a" rat 4 hours after treatment with 
CC1 4 (2 rnl/kg orogastrically) to induce endogenous lipid peroxidation. Tire mlz 573 ion 
current chromatogram represents the pH 4 ]8-iso-PGF 2t[ internal standard. The mlz 569 ion 
current chromatogram represents endogenous F 2 -IsoPs. The peak in the upper chromatogram 
marked by an asterisk (*) is the one routinely used for quantification of the F 2 -IsoPs. The 
peak represented by the plus (+) can comprise both F 2 -IsoPs aud cyclooxygenase-derived 
PGF 2 „. The concentration of F 2 -IsoPs in the plasma using the asterisked (*) peak for quantifi¬ 
cation was calculated to be 831 pg/ml. 


plasma concentrations of F 2 -IsoPs in rats are 30 ± 11 pg/ml (mean ± 1 
S.D.) and in normal human plasma are 35 ± 6 pg/ml (mean ± 1 S.D.) The 
reader is referred to previously published data for normal levels of F 2 -IsoPs 
in other biological fluids and tissues. 7 

Quantification of the F 2 -IsoPs based on the intensity of the asterisked 
(*) peak shown in Fig. 2 is highly precise and accurate. The precision is 
±6% and the accuracy is 96%. Accuracy was deter min ed by quantification 
of an added known amount of 8-iso-PGF 2ct , which cochromatographs with 
the asterisked (*) peak shown in Fig. 2. However, we have previously 
reported that quantifying the F 2 -IsoPs based on the intensity of other peaks 
in the mlz 569 ion current chromatogram is less precise. The reason for 
this is that despite the wide region scraped on the TLC plate, there are 
additional F 2 -IsoPs that migrate ahead of the region routinely included. 


Source: https://www.industrydocuments.ucsf.edu/docs/pfyx0001 



[ 1 ] 


.. QUANTIFICATION OF F^ISOPROSTANES 


11 


These compounds have similar GC retention times and coelute with other 
m!z 569 peaks representing F 2 ~IsoPs that chromatograph in the region of the 
TLC plate that is routinely scraped. We have found that minor differences in 
either preparation of the TLC solvents or scraping techniques of the TLC 
plate can result in partial inclusion of these compounds, which alters the 
intensity of some of the F 2 -IsoP peaks. Fortuitously, however, none of these 
compounds cochromatographs on GC with the asterisked (*) peak that we f 
routinely measure. In addition, PGF 2e derived from the. cyclooxygenase | 
cochromatographs with the peak noted by a plus (+). Thus, the intensity ; 
of this peak can also vary as a result of the presence of the enzymatic f 
product PGF 2a , which is not an F 2 -IsoP. Therefore, if these additional F 2 - t 
IsoPs that chromatograph in adjacent areas of the TLC plate are partially ' 
included in the analysis, or if cyclooxygenase derived PGF 2 , js present in ’ 
the biological fluid, the precision and accuracy of the assay is not affected ■ 
when the asterisked (*) peak is used for quantification. 

As mentioned, F 2 -IsoPs can be quantified in a wide variety of biological j 
fluids and tissues. Quantification of these compounds in urine has been j 
utilized as an assessment of systemic oxidant stress status in humans. 7 It ■ 
should be mentioned that it is not known at the present time whether F 2 - i 
IsoPs that are excreted into the urine derive primarily from local production ■ 
in the kidney, like that of cyclooxygenase-derived PGs, or whether they ! 
represent LVIsoPs that are filtered from the circulation. It is likely, however, j 
that unmetabolized PVIsoPs present in the urine derive, at least in part, ; 
from the kidney based on several lines of evidence. 7 Thus, caution should 
be used in the interpretation of whether increased urinary IVisoPs reflects 
increased systemic lipid peroxidation or enhanced lipid peroxidation in 
the kidney. 

An attractive alternative approach for assessing systemic endogenous 
F 2 -IsoP production is the measurement of urinary F 2 -IsoP metabolites. 
Measurement of metabolites of these compounds in urine has the advantage 
not only of providing an integrated assessment of F 2 TsoP production over 
time, but also of circumventing the problem of artifactual generation of 
F 2 -lsoPs ex vivo by autoxidation of arachidonic acid. In this respect, we 
have recently identified the major urinary metabolite of 8-iso-PGF 2a in 
humans as 2,3-dinor-5,6-dihydro-8-iso-PGF 20 ,. 7 Identification of this com¬ 
pound provides the basis for development of an assay to quantify this 
metabolite as a means to obtain an integrated assessment of total endoge¬ 
nous F 2 -IsoP production in humans. Work is currently underway in our 
laboratory toward this goal. 

Although this chapter has focused on the quantification of F 2 -IsoPs, we 
have identified other classes of IsoPs derived from the free radical-catalyzed 
peroxidation of arachidonic acid. Specifically, we have found that IsoP 
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endoperoxide intermediates not only undergo reduction in vivo to form 
F 2 -IsoPs, but cart isomerize to form D/E-ring IsoPs (D 2 /E 2 -IsoPs) and can 
rearrange to form thromboxane-like compounds termed isothromboxanes. 
Formation of both classes of these compounds increase dramatically in 
animal models of oxidant stress and parallel the formation of Fj-IsoPs. 
Whether quantification of these compounds to assess oxidant stress status 
offers any advantage over measurement of F 2 ~IsoPs or would provide addi¬ 
tional insights into the role of lipid peroxidation in various pathophysiologi¬ 
cal processes is an area of active investigation in our laboratory. 

Summary 

This chapter has outlined methods to assess lipid peroxidation associated 
with oxidant injury in vivo by quantifying concentrations of free F 2 -IsoPs 
in biological fluids and levels of F 2 -IsoPs esterified in tissue lipids. The mass 
speetrometric assay described herein is highly precise and accurate. A 
potential shortcoming with this approach is that it requires expensive instru¬ 
mentation, i.e., a mass spectrometer. However, several immunoassays for 
an F 2 -IsoP, 8 -iso-PGF 2e , have become available from commercial sources. 
At this time, the accuracy and reliability of these assay for quantifying F 2 - 
LsoPs in biological fluids has not been fully validated by mass spectrometry. 
If these immunoassays prove to be a reliable measure of F r lsoPs, however, 
this should greatly expand the use of F 2 -IsoPs to assess oxidant stress. 

In conclusion, studies carried out over the past several years have shown 
that measurement of F 2 TsoPs has overcome many of the limitations associ¬ 
ated with other methods to assess oxidant status, especially when applied 
to the measurement of oxidant stress in vivo in humans. Therefore, the 
quantification of F 2 -IsoPs represents an important advance in our ability 
to assess the role of oxidant stress and lipid peroxidation in human disease. 
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